Garlic (Allium sativum L. fam. Alliaceae) is one of the best-researched, best-selling herbal remedies and is also commonly used as a food and a spice. Garlic constituents include enzymes (for example, alliinase) and sulfur-containing compounds, including alliin, and compounds produced enzymatically from alliin (for example, allicin). Traditionally, it has been employed to treat infections, wounds, diarrhea, rheumatism, heart disease, diabetes, and many other disorders. Experimentally, it has been shown to exert antilipidemic, antihypertensive, antineoplastic, antibacterial, immunostimulant and hypoglycemic actions. Clinically, garlic has been evaluated for a number of conditions, including hypertension, hypercholesterolemia, intermittent claudication, diabetes, rheumatoid arthritis, common cold, as an insect repellent, and for the prevention of arteriosclerosis and cancer. Systematic reviews are available for the possible antilipidemic, antihypertensive, antithrombotic and chemopreventive effects. However, the clinical evidence is far from compelling. Garlic appears to be generally safe although allergic reactions may occur.
: Garlic as medicine in the course of time.
Ancient Egypt
In an ancient Egyptian manuscript know as the Codex Ebers, garlic is cited as being useful in the treatment of heart disease, tumors, worms, bites, month abscesses and many other ailments.
Bible
In the Book of Numbers (chapter 11, verse 5), which describes the Israelites flight from Egypt, it is reported that Jewish slaves, accustomed to taking garlic to stay strong, were unhappy to be deprived of it throughout their escape.
Ancient India
The Indian ancient medical text, Charaka-Samhita, recommends garlic for the treatment of heart disease, and arthritis. In another ancient medicinal textbook, Bower Manuscript, garlic is recommended for parasites, fatigue and digestive problems.
Ancient China
Garlic was used for respiratory and digestion problems and to enhance male potency.
Ancient Greece
The Greek physicians prescribed garlic extensively for several ailments (just before Olympic Games). Soldiers and athletes ate garlic to increase their stamina.
Ancient Rome
In Roman times garlic was used for conditions such as gastrointestinal diseases, cardiovascular and musculoskeletal problems, epilepsy, abscesses and boils.
Middle Ages
In medieval times and later, garlic became a popular remedy against the plague and other epidemics. Garlic was stored at home, because the strong aroma could give protection against infections. There was also the practice of drinking wine vinegar containing crushed garlic. A German herbal (Nenc Kreuterbuch) of 1626 recommended garlic for chills, flatulence, colic and worms.
Our own times During the First Word War garlic was the main source of antibacterial treatment and Albert Schweitzer, medical missionary in Africa between 1913 and 1965, had success in treating long-standing dysentery. In the last few years garlic has been used to treat infection, wounds, heart disease, diabetes, abnormal cholesterol levels and blood pressure.
____________________________________________________________________________________________ important in Europe. Paracelsus and Lonicerus reputed garlic as an antibiotic agent. At that time, its effectiveness against intestinal disturbances was also been noted. Later, it was forgotten in Europe, but during the First World War, garlic was used by the Russians to treat gangrene. During the Second World War, garlic was reputed to be an excellent antibacterial agent and, therefore, was called "Russian penicillin". 
BOTANY

CHEMISTRY
Since the beginning of the 20 th century up until now, garlic has been the subject of many chemical studies that highlighted some differences in the chemical composition of the drug examined (fresh or stored garlic). The most important chemical ingredients contained in the garlic are divided into two groups: sulfur-and non sulfur-containing compounds. Most of the pharmacological effects of garlic are due to sulfur compounds, in particular allicin [4] [5] [6] . The sulfur compounds derive from the amino acid cysteine or its derivatives S-allylcysteine sulfoxide and γ-glutamyl-(S)-allycysteine. Fresh garlic contains 0.35-1.15 % of cysteine sulfoxides, mostly alliin
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Natural Product Communications Vol. 4 (12) 2009 1787 (about 0.5%) and not less than 0.2% γ-glutamyl-(S)ally-L-cysteine, calculated on a dried basis. Another fresh garlic constituent is the acid-sensitive enzyme, alliinase. Other constituents include glutamyl peptides (proteins), saponins (proto-eruboside B, eruboside B, sativoside), lectins, flavonoids, polysaccharides, oligosaccharides and monosaccharides (particularly fructans, about 30%), minerals (selenium, tellurium), vitamins (C and E), prostaglandins (A 2 , D 2 , E 2 , F 1α , F 2 ), aminoacids (arginine, glutamic acid, methionine, threonine), several enzymes (peroxidase, myrosinase, catalase, superoxide dismutase, arginase, lipase) and terpenes (for example, citral, geraniol) [7, 8] . Alliin is separated from alliinase (stored in vacuoles) in intact clove. However, when the bulb is chopped or crushed, alliinase transforms alliin into allicin.
Allicin, once produced, rapidly degrades, but the speed of this reaction depends on temperature. A few days after it has been produced, allicin can still be detected if the garlic is kept refrigerated, but at room temperature, within a few hours, it breaks down into strongly smelling volatile sulfur compounds like diallyl di-and tri-sulphides, ajoene, and vinyldithiins. It has been assumed that the sulfur compounds are responsible for the medical effects of garlic. As a consequence, all commercial garlic products are standardized on their content of alliin and/or allicin (1 mg alliin is considered equivalent to 0.45 mg allicin). However, some studies indicate that sulfur compounds are not completely essential for efficacy and, on the contrary, steroids and terpenes are the active compounds. Garlic powder that has been immediately dried at 60°C may contain up to twice the concentration of allicin (0.5-2.5%).
PHARMACOKINETICS
The health benefits of garlic likely arise from a wide variety of components, possibly working synergistically. The pharmacokinetics of garlic's constituents have been poorly investigated. Highly unstable thiosulfinates, such as allicin (diallyl thiosulfinate), disappear during processing and are quickly transformed into a variety of organosulfur components. Allicin and allicin-derived compounds are rapidly metabolized to allyl methyl sulfide [9] . Most garlic supplements are enteric-coated to prevent gastric acid inactivation by the enzyme alliinase.
Sulfur-containing compounds, such as diallyldisulphide, diallyl-sulphide, dimethyl-sulphide and mercapturic acids have been isolated and identified in human urine following the ingestion of garlic [10, 11] . It has also been reported that the flavor of human breast milk is altered when lactating women consume garlic [12] .
PHARMACOLOGY
Among the components that have been identified in garlic sulfur compounds are the most interesting constituents from a pharmacological point of view. Allicin has potent antibacterial activity and ajoene is reported to have antithrombotic properties. Furthermore, sulfur-containing compounds are reported to lower serum lipids, decrease platelet aggregation and show vasodilator, anticancer and antioxidant effects. The pharmacological properties of garlic (Table 2 ) and its constituents have been summarized in many reviews [6, [13] [14] [15] [16] [17] [18] [19] [20] [21] 
Effects on atherogenesis and lipid metabolism:
Cholesterol helps to maintain cell integrity and initiates the production of bile acids that process fats in the intestine so that they can be absorbed into the bloodstream. Cholesterol is also essential for the production of the sex hormones and, therefore, plays a key role in reproduction. However, several studies have demonstrated a strong relationship between excessive blood cholesterol levels and heart disease. The effect of garlic and its constituents on cholesterol and fatty acid biosynthesis was first documented by Quereshi and colleagues [22] in cultured chicken hepatocytes and monkey livers. In other in vitro studies with rat hepatocytes, Gebhardt and colleagues [23, 24] identified the steps in cholesterol biosynthesis that are modified by garlic and its constituents. These effects are based on the inactivation of enzymes involved in lipid synthesis, such as HMG-CoA reductase, lanosterol-14-demethylase and squalene monooxygenase [25, 10] . Moreover, it has also been reported that compounds containing an allyl-disulfide or allyl-sulfhydril group inhibit cholesterol biosynthesis acting on sterol 4α-methyl oxidase [26] . Other mechanisms proposed include increased excretion of bile acids [18, 27] and reduced de novo fatty acid synthesis via inhibition of fatty acid synthase [28] . Some studies have also reported a reduction by garlic of aortic lipid deposition and atheromatous lesions in rabbits fed a high-fat diet. It has been also observed that administration of aged garlic extract or allicin exerts an anti-atherogenic effect via inhibition of smooth muscle proliferation and lipid accumulation in the artery wall [29, 30] . These results have been supplemented by more recent studies [31] . 
BIOLOGICAL EFFECT
MAIN MECHANISM CLINICAL EVIDENCE Antilipidemic
Inactivation of enzymes involved in lipid synthesis (HMG-CoA reductase, lanosterol-14-demethylase, squalene monooxygenase).
The available evidence from randomized controlled trial does not demonstrate any beneficial effects of garlic on serum cholesterol [71] .
Antihypertensive
Direct vasodilatative effect by acting on potassium channels; modulation of relaxing and contracting factors of endothelium cells.
Garlic preparations are superior to placebo in reducing blood pressure in individuals with hypertension [73] .
Antiatherosclerotic
Inhibition of smooth muscle proliferation and lipid accumulation in the artery wall; antioxidant effects.
Preliminary clinical evidence demonstrates preventive and curative effect of garlic on the development of artherosclerosis [70] .
Antineoplastic
Blockage of cell proliferation; induction of apoptosis; inhibition of COX-2 expression and carcinogenic nitrosoamines synthesis; stimulation of glutathione-Stransferase activity; antioxidant activity.
There is no credible evidence to support a relation between garlic intake and a reduced risk of gastric, breast, lung, or endometrial cancer. Very limited evidence supported a relation between garlic consumption and reduced risk of colon, prostate, esophageal, larynx, oral, ovary, or renal cell cancers [79] .
Antibacterial
Interaction with important thiol-containing enzymes (alcohol dehydrogenases, thioredoxin reductases, cysteine proteinases, alcohol dehydrogenases, thioredoxin reductases).
No reliable evidence.
Immunostimulant
Enhances cellular immunity by direct and/or indirect modification of the functions of mast cells, basophils and activation of T lymphocytes.
Antiplatelet, antitrombotic and fibrinolytic
Inhibition of thromboxane synthesis, membrane phospholipase activity and calcium uptake into platelet adhesion.
Clinical trials have shown a modest, but significant decrease in platelet aggregation; controversy over results on fibrinolytic activity and plasma viscosity were reported [80] .
Hypoglycemic activity
Antioxidant activity. It is premature to actively recommend use of garlic to treat hyperglycemia [68] .
Effects on fibrinolysis, platelet aggregation and vascular resistance:
The effects of garlic and its derivatives on fibrinolysis, platelet aggregation and blood pressure are well documented in both in vitro and in vivo studies. The ability of garlic to lower blood pressure in animals was described by Chandorkar and Jain [32] and successively by Malik and Siddiqui [33] , Al-Qattan and Alnaqeeb [34] , and Ali and colleagues [35] . It was also observed that the effect of garlic on blood pressure was accompanied by a reduction in secondary myocardial injury [36] . The antihypertensive effect of garlic is partly due to direct vasodilatative action of its sulfur compounds. These substances act as a potassium channel openers [37] and modulate the production and the function of relaxing and contracting factors of endothelium cells [38, 39] . The inhibitory effect of garlic on platelet aggregation and its activating effect on fibrinolysis are well documented in several animal studies. Most of these show that garlic preparations, allicin and ajoene, inhibit human platelet aggregation caused by several inducers (ADP, collagen, arachidonic acid, adrenaline and calcium ionophore A23187) [40] [41] [42] [43] . The mechanisms proposed include (i) inhibition of thromboxane synthesis, (ii) inhibition of membrane phospholipase activity and incorporation of aminoacids into platelet membrane phospholipid [44] and (iii) inhibition of calcium uptake into platelet adhesion [45] . There is a current opinion that all these effects, together with antilipidemic, antihypertensive and anti-atherosclerotic actions of garlic contribute to lowering the risk of infarction.
Cardioprotective and antioxidantive effects:
Several experimental studies suggest that a high consumption of fruits and vegetables, especially garlic, is effective in the prevention and treatment of atherosclerosis and other risk factors for cardiovascular diseases. As regards garlic, it has been shown that treatment for 11 days protected rats by isoproterenol-induced myocardial damage [46] . In another series of experiments, rats were fed a standard chow enriched with 1% garlic for 10 weeks, and then Langerdorff heart preparations were performed under conditions of cardiac ischemia; the size of the ischemic zone was significantly reduced in the garlic treated animals [47] .
Oxygen free radicals are recognized as having an important role in several pathological processes, such as ischemic heart disease and atherosclerosis. Therefore, the antioxidant effects of garlic could be of interest in relation to anti-atherosclerotic properties. These effects have been documented in human granulocytes in vitro [48] , in isolated hepatic microsomes [49] , in pulmonary artery endothelial cells [50] , in isolated LDL particles [51] and using radical generating systems [52, 53] . In vivo studies have also documented a reduction in liver lipid peroxidation and inhibition of ethanol-induced mitochondrial lipid peroxidation in animals fed garlic oil [10] . It has been suggested that allicin is the constituent of garlic responsible for these positive effects.
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Natural Product Communications Vol. 4 (12) 2009 1789 Effects on carcinogenesis: It has been documented that tumors induced by carcinogenic agents (for example, benzopyrine, 7,12-dimethyl benzanthracine, N-methyl-N-nitrosourea, dimethylhydrazine, nitrosomethyl benzylamine, diethylnitrosamine) can be inhibited (as determined by evidence of either a significant reduction in the incidence and growth of experimental tumors or a significant reduction in the number of aberrant crypt foci, which are preneoplastic lesions) by garlic preparations and some of its constituent (for example, S-allylcysteine, diallyl disulfide, diallyl-trisulfide, diallyl-sulfide) [54] . The antineoplastic activity of garlic and its constituents may be due to multidirectional mechanisms, such as blockage of cell proliferation, induction of apoptosis, inhibition of carcinogen-induced DNA adduct formation, enhancement of carcinogen-metabolizing enzymes, inhibition of cyclooxygenase-2 expression, inhibition of N-nitroso compounds synthesis, and enhancement of glutathione-S-transferase activity. Other possible mechanisms are scavenging carcinogen-induced free radicals and inhibition of lipid peroxidation. Sulfur compounds are considered to be the major ones responsible for the protective effect of garlic against cancer [6] . However, anticancer properties are also attributed to other garlic constituents, including kaempferol, selenium, vitamin A and C, arginine and fructooligosaccharides [55] [56] [57] [58] [59] .
Other actions: Studies carried out in vitro have shown that garlic and its active compounds inhibit the growth of both Gram-negative and Gram-positive bacteria [60] [61] [62] [63] [64] . The antibacterial effects have been demonstrated against, among other species, Helicobacter pylori, Staphylococcus aureus, Escherichia coli, Listeria monocytogenes, Staphylococcus epidermidis, Salmonella thyphi and Cryptococcus neoformans. Garlic also stimulates production of cytokines (IL-2, TNF, γ-interferon) and the proliferation of macrophages, NK-cells and Tcells [65, 66] , and so the immune system. Several experimental models have then demonstrated the antitoxic [67] and antidiabetic [68] effects of garlic. All these effects seem to have little practical importance.
CLINICAL STUDIES
Garlic has been clinically evaluated for a number of conditions, including hypercholesterolemia, hypertension, intermittent claudication, common cold, for the prevention of arteriosclerosis and cancer, and as a topical treatment for infections of skin and mucosa.
Serum cholesterol:
Numerous randomized controlled trials (RCTs) published in the late 1980s and early 1990s demonstrated that garlic was effective in reducing total cholesterol and low-density lipoprotein cholesterol. Several systematic reviews of these data therefore arrived at positive conclusions, although the effect was believed to be modest [69] . Subsequently, however, several negative RCTs have emerged [70] . A recent systematic review has critically summarized the evidence on the effect of garlic on serum cholesterol levels. Thirteen randomized controlled trials ranging from 11 to 24 weeks in duration and including a total of 1056 subjects were used for the meta-analysis. Overall, administration of garlic did not show any significant difference in effects on all outcome measures examined when compared with placebo. Garlic therapy did not produce any statistically significant reduction in serum total cholesterol level, LDL-cholesterol level, triglycerides level or apolipoprotein B level. There was no difference between garlic and placebo on HDLcholesterol level. It was concluded that the available evidence from randomized controlled trials does not demonstrate any beneficial effects of garlic on serum cholesterol [71] .
Blood pressure reduction: Reinhart and colleagues
have recently examined the effect of garlic on blood pressure in patients with and without elevated systolic blood pressure (SBP) through meta-analyses of randomized controlled trials [72] . To be included in the analysis, studies must have reported endpoints of either SBP or diastolic blood pressure (DBP). Studies whose population had a mean baseline SBP greater than 140 mmHg were evaluated separately from those with lower baseline blood pressures. Ten trials were included in the analysis; 3 of these had patients with elevated SBP. Garlic reduced SBP by 16.3 mmHg and DBP by 9.3 mmHg compared with placebo in patients with elevated SBP. However, the use of garlic did not reduce SBP or DBP in patients without elevated SBP. This meta-analysis suggests that garlic is associated with blood pressure reductions in patients with an elevated SBP, but not in those without elevated SBP [72] . These results are in agreement with a further recent meta-analysis which showed a mean decrease of 8.4 mmHg in SBP and 7.3 mmHg for DBP compared with placebo in hypertensive subjects [73] . Collectively, these results suggest that garlic preparations may be effective in subjects with mild hypertension.
Preeclampsya: Preeclampsya is a hypertensive disorder which occurs during the second half of pregnancy. A Cochrane review identified one singleblind RCT (n=100) that did not show a clear difference between garlic and placebo in the risk of developing gestational hypertension or preeclampsya. The participants were women at moderate risk of preeclampsya, as determined by a positive roll-over test. The review concluded that the evidence is insufficient to recommend garlic for the prevention of preeclampsya and its complications [74] .
Prevention of atherosclerosis: Some interesting,
although not compelling data suggest that, due to its broad-ranging effect on cardiovascular risk factors, the regular intake of garlic might prevent or delay the development of atherosclerosis [70] . Garlic intake was shown to reduce (5-18% compared with placebo) the volume of existing atherosclerotic plaques in 152 patients after 4-18-months of treatment [75] . Another study demonstrated that chronic garlic powder intake (900 mg/daily of garlic powder for 4 years) delayed age-related increases in aortic stiffness in the elderly (101 healthy adults) [76] . More recently, a placebocontrolled, double-blind, randomized pilot study (19 patients with coronary high-risk subjects) evaluating coronary artery calcification and the effect of 1-year garlic extract therapy in a group of patients who were also on statin therapy, suggested incremental benefits [77] .
Chemoprevention: Numerous animal and in vitro studies provided evidence for a relation between garlic intake and cancer risk reduction. Accumulating evidence from epidemiological studies, as well as clinical data, also support the anticancer properties of garlic widely used as a medicinal herb and food [5, 15, 70] . Some organosulfur compounds, such as diallyl-sulphide, diallyl-disulphide and diallyltrisulphide present in garlic have been shown to possess pronounced chemoprotective and chemopreventive properties [78] . Certain garlicderived organosulfur compounds can inhibit metabolic activation of carcinogens, thereby blocking initiation of carcinogenesis [79] . In addition, the induction of antioxidant and phase II detoxifying enzymes by organosulfur compounds has been reported [80] . Since allylsulfides undergo metabolic conversion to form sulfone derivatives [81] that may act as electrophiles, these organosulfur compounds are thought to target cysteine sulfhydryl of Keap1, thereby activating Nrf2-regulated gene transcription and ARE activity. In support of this hypothesis, Chen et al. [82] reported that treatment of human hepatoma HepG2 cells with various organosulfur compounds resulted in Nrf2 activation, leading to the induction of HO-1. Nrf2-mediated HO-1 induction by diallyl sulfide in HepG2 cells has also been reported by Gong et al. [83] . According to this work, diallyl sulfide-induced heme oxygenase-1 (HO-1) gene expression was accompanied by a transient increase in reactive oxygen species (ROS) production. Treatment of HepG2 cells with N-acetyl-L-cysteine, a ROS scavenger, blocked diallyl sulfide-induced ROS production, ERK activation, nuclear translocation of Nrf2, and subsequently HO-1 expression. However, the same study revealed that diallyl trisulfide-induced ARE activity was mediated via Ca 2+ -dependent signalling, but not that of either MAPKs or PKC [82] . Therefore, the differential effects of garlic-derived organosulfur compounds on the MAPK-mediated activation of Nrf2 and HO-1 induction may be due to structural differences in terms of the number of sulfur moieties and the length of the alkyl side chain, which may confer varying degrees of electrophilicity to parent compounds, as well as their active metabolites [84] . However, several clinical studies report an inverse association in humans, especially for colon cancer [70] . For example, a published meta-analysis (level III) of 7 case/cohort studies confirmed this inverse association, with a 30% reduction in the colon cancer related risk [85] . However, a recent analysis re-evaluated the possible effect of garlic intake on different types of cancer using the US Food and Drug Administration's evidence-based review system for the scientific evaluation of health claims. Nineteen human studies were identified and reviewed to evaluate the strength of the evidence that supports a relation between garlic intake and reduced risk of different cancers. It was concluded that there is no credible evidence to support a relationship between garlic intake and a reduced risk of gastric, breast, lung, and endometrial cancer. Moreover, very limited evidence supported a relation between garlic consumption and reduced risk of colon, prostate, oesophageal, larynx, oral, ovary, and renal cell cancers [84] .
Other relevant clinical trials: Ackerman and colleagues retrieved 10 trials assessing the effectiveness of garlic on potential prothrombotic risk factor. Of 6 trials measuring effects on spontaneous platelet aggregation, 5 provided significant inhibitory Garlic in human health Natural Product Communications Vol. 4 (12) 2009 1791 Table 3 : Summary of garlic adverse effects (modified from Borrelli et al. [90] ). Two clinical trials for chlorzoxazone, one case report for fluindione, one clinical trial for paracetamol, one case report for ritonavir (although a clinical trial showed no effect of garlic on ritonavir pharmacokinetics), one clinical trial for saquinavir, one case report for warfarin (although two clinical trials showed no effect of garlic on warfarin pharmacokinetics) effects compared with placebo in platelet aggregation [86] . Garlic had a positive response in the inhibition of platelet aggregation in both healthy subjects and subjects with cardiovascular disease. Mixed effects on fibrinolytic activity and plasma viscosity were reported, while no trial assessing serum fibrinogen levels, or serum homocysteine levels reported significant results [86] .
Adverse effect Source of evidence
A recent analysis identified one double-blind RCT assessing 146 patients over a 12-week treatment period [87] . Patients in the treatment group had significantly fewer colds than patients in the placebo group who had also a longer duration of symptoms. Finally, topical application of garlic (as a cream or a paste) has been found to be effective for superficial Tinea infections and oral candidiasis [88] .
SIDE EFFECTS
Garlic odor is the most frequent complaint associated with drug ingestion: this odor is perceived on the breath after a single consumption of the drug and on skin after several days of garlic intake. A regular use of garlic as either a food or herbal remedy does not cause acute or chronic toxicity to healthy people (Table 3 ). In sensitive subjects, therapeutic doses or high doses of raw garlic may cause mild gastrointestinal complaints (stomach disturbances, nausea, vomiting, bloating) and sometime micturition, cystitis and fever [69, [89] [90] . As a consequence, raw garlic is contra-indicated for patients with stomach and duodenal ulcers. Experimentally, it is worthy of note that, among a number of garlic preparations (namely raw garlic powder, dehydrated boiled garlic powder and aged garlic extract), administrated directly into the dog's stomach, only aged garlic extract caused no side effects [91] . Garlic active components pass into breast milk causing bloating in babies, and, therefore, nursing mothers should avoid garlic. It may also cause allergic reactions [92, 93] , which are due to its constituents diallyl-disulphide, allyl-propyl-sulphide and allicin [89, 94] . Notably, alliin lyase was found to be the major garlic allergen in a garlic-allergic group of patients in Taiwan [95] . Case reports of allergic reactions associated with garlic intake include allergic contact dermatitis, generalized urticaria, angioedema, pemphigus, anaphylaxis and ulceration of the buccal vestibule [96] [97] [98] [99] [100] [101] [102] [103] .
Drug interactions:
Using well-established probe drugs (for example, alprazolam and midazolam for CYP3A4, caffeine for CYP1A2, chlorzoxazone for CYP2E1, dextromethorphan and debrisoquine for CYP2D6) clinical trials have shown that garlic oil may selectively inhibit CYP2E1, but not other CYP isoforms such as CYP1A2, CYP3A4 or CYP2D6 [104, 105] .
Case reports have suggested that garlic might influence platelet function and blood coagulation leading to a risk of bleeding [90] . However, two trials have reported that garlic did not alter either the pharmacokinetics or pharmacodynamics of warfarin and does not induce serious hemorrhagic risk in adequately monitored patients under warfarin treatment [106, 107] .
Garlic might cause interactions in patients on antiretroviral therapy [90] . A significant decline in the plasma concentrations of the protease inhibitor saquinavir was observed in healthy volunteers after administration of garlic for three weeks [108] . However, another trial showed that garlic did not significantly alter the single-dose pharmacokinetics of the protease inhibitor ritonavir [109] . The reason for the discrepancies is presently unclear.
One report described the case of two HIV-positive individuals who developed severe gastrointestinal toxicity from ritonavir after ingesting garlic supplements [110] . Symptoms recurred after rechallenge with low-dose ritonavir in the absence of garlic intake, suggesting that the elevated ritonavir concentration was not the cause.
In summary, caution is advised if garlic is taken concomitantly with either CYPE1 substrates or with antiretroviral drugs such as ritonavir and saquinavir. The possibility that garlic may cause overanticoagulation if co-administered with anticoagulant drugs has not been confirmed by clinical trials [106, 107] .
PREPARATIONS
There are various preparations, such as garlic powder, aged garlic extract (AGE), garlic oil, and garlic homogenase. Due to the odoriferous components, coated tablets are the form mostly used, followed by tablets and capsules. Since S-allyl cysteine and S-allyl mercaptocysteine are major organosulfur compounds found in AGE, both substances must be used to standardize AGE preparations. Garlic powder is generally standardized to contain 1.3% alliin and 0.6% allicin [111] . Actually, monopreparations and combination products containing garlic as the active ingredient are available. Examples of monopreparations: Allioson ® film coated tablets (300 mg dry extract); Kwai ® coated tablets (100 mg garlic powder); and Valvarde ® garlic capsules (300 mg garlic powder). Examples of combination products: Klasterfrom-Aktiv capsules (garlic oily macerate, hypericum oily macerate, vitamin A, α-tocopherol acetate); and Kneipp ® (coated tablets containing garlic, hawthorn and mistletoe).
CONCLUSIONS
Garlic has been extensively studied and animal data suggest its potential use for either the treatment or prevention of a wide range of diseases, including hypertension, hypercholesterolemia, atherosclerosis, cancer, infections and many others [112] . However, the real efficacy of garlic has been doubted by recently-published systematic reviews and metaanalyses. Garlic products do not lower cholesterol, but it has been shown to be effective in patients with mild hypertension. The possible chemopreventive effect of garlic against colon cancer requires further investigations.
Garlic is considered as safe, although it may cause allergic reactions. Garlic may interact with anti-AIDS medicines or with drugs which are substrates of CYPE1. The possibility that garlic may cause over-anticoagulation if co-administered with anticoagulant/antiplatelet drugs has not been confirmed by controlled clinical trials.
